Brucellosis is a common zoonotic disease with high morbidity. In the majority of human cases, the causative agent is B. melitensis. Infection is transmitted to humans by direct/indirect contact with the contaminated animal products (e.g., consumption of unpasteurized milk), infectious aerosols and aborted fetus. Brucellosis often affects middle-aged adults and young people. Patients with brucellosis tend to have non-specific symptoms, including fever, chills, night sweats, joint pain and myalgia. Brucellosis affects various organs and tissues. The osteoarticular system is one of the most commonly described affected systems in humans. In several clinical studies, the prevalence of Osteoarticular Brucellosis (OB) is reported as 2-77%. Most important osteoarticular clinical forms osteomyelitis, spondylitis, sacroiliitis, arthritis and bursitis. Spondylitis and spondylodiscitis are the most frequent complications. Spondylodiscitis often affects the lumbar (especially at the L4-L5 levels) and low thoracic vertebrae than the cervical spine. Back pain and sciatica radiculopathy are the most common complaints about patients. Sacroiliitis is associated with severe pain, especially back pain in affected individuals. Spinal destructive brucellar lesions are also reported in adults in previous studies. Brucellosis is diagnosed with clinical inflammatory signs (eg. tenderness, pain) of the affected joints together with positive serological tests and positive blood/synovial fluids cultures. Serological test measures the total amount of IgM/IgG antibodies. Standard agglutination test (SAT) titer ≥1:160 is in favor of brucellosis diagnosis. Enzyme-Linked Immunosorbent Assay (ELISA) and Polymerase chain reaction (PCR) are other types of diagnostic tests. Radiological assessments, such as joint sonography, computed tomography, magnetic resonance imaging, are the most helpful radiological methods to diagnose spinal brucellosis.
A s one of the most widespread zoonoses worldwide, brucellosis is a common zoonotic disease with high morbidity. Brucellosis is an important public health problem for some countries, such as the Mediterranean Basin, Asia, Africa, South America, Eastern Europe and the Middle East. The disease called with various names, including undulant fever and Malta fever [1] .
As a brucellosis zoonotic disease, brucellosis is seen common throughout the world appears to be re-emerging. Brucellosis can be seen in more than 500.000 people every year worldwide, and there are approximately 2.4 billion people at risk [2] . It is estimated that the number of patients with brucellosis may be higher than the cases reported annually. Major endemic areas include Mediterranean area, Middle East, Central Asia, China, India and sub-Saharan Africa. Brucellosis has been reported among wildlife in some regions. The prevalence of brucellosis depends upon several factors, including geography, food cooking techniques and husbandry [3] .
Brucella spp is a small, nonsporulating, facultative, gram-negative coccobacilli. However, bacterial growth is slow. There is no capsules, spores or flagella in Brucella species. Several species of the pathogen are recognized within the genus, phenotypic characteristics, and prevalence of infection in different animal hosts. [4, 1] .
The common route for transmission of the disease is direct/indirect contact with contaminated animal products (e.g., unpasteurized milk, undercooked raw meat and unpasteurized cheese). Direct contact through the skin lesions or conjunctiva with infectious tissues and infectious aerosols are the other important ways of transmission to humans. The aborted fetus, placenta and uterine discharges of animals are highly infectious for humans. Family history of the disease is very common in endemic areas. Screening household members of an index case allows early diagnosis and consequently prevent the complications. Human-to-human transmission is unusual. Rare cases through vertical route (congenital brucellosis) have been reported. Tissue transplantation, blood transfusion and sexual contact may also occur, but very uncommon. Laboratory workers are at a high risk of acquiring brucellosis due to inadequate laboratory precautions. Biosafety level-3 practices are recommended for all manipulations of Brucella spp. cultures and laboratory workers should be informed about precautions [5, 6] .
Brucellosis often affects middle-aged adults and young people. The results of some studies showed that male and female individuals are affected equally in brucellosis, while there are also some studies which reported that brucellosis is more prevalent in male may be due to their jobs (e.g., animal husbandry) in endemic regions [7] [8] [9] .
The incubation period of brucellosis is usually 1-4 weeks; but in some cases, it may be several months. This infection has a broad clinical spectrum like asymptomatic or severe/fatal disease. Patient' s manifests are non-specific symptoms, such as fever, chills, night sweats, joint pain and myalgia. The fever may be high or slightly elevated and usually lasts for days to weeks. Brucellosis may present as a fever of unknown origin. Hepatomegaly, splenomegaly, or lymphadenopathy may be observed. None of them are characteristic of brucellosis that affects various organs and tissues. Relapse usually occurs in 5-30% of the patients, within the first six months following completion of treatment. Inappropriate choice of antibiotics and a shorter duration of treatment are associated with relapsing cases [10] . Tuberculosis, infectious mononucleosis, collagen vascular diseases, autoimmune diseases and malignancy should all be considered in the differential diagnosis of brucellosis.
The severity of complications or response to treatment of brucellosis is more benign in children than adults. Also, during pregnancy, brucellosis may bring about spontaneous abortions, intrauterine infection with fetal death [11, 12] .
Education is an important strategy for prevention of brucellosis. The prevention of brucellosis must cover the characteristics of microbial agents, clinical presentation, diagnosis and treatment, prophylaxis of the disease and protection measures. Recent studies have shown that vaccination in healthy animals is a highly effective strategy for protection. However, to our knowledge, there is no licensed vaccine for humans. Also, for the use of prophylaxis after animal and laboratory exposures, there is supportive experimental evidence. The most recommended combination is 600 mg rifampicin, plus 200 mg doxycycline daily [13] .
The most common complication of brucellosis is osteoarticular involvement. In several clinical studies, the prevalence of osteoarticular brucellosis is reported as 2-77%. Osteoarticular brucellosis may be seen in acute or chronic clinic features. Important osteoarticular clinical applications are spondylitis, sacroiliitis, osteomyelitis, bursitis and peripheral arthritis. Presence of nonspecific symptoms and variable clinical feature often cause a delay in diagnosis of the diseases [14, 15] .
Osteoarticular Brucellosis Clinical Forms Sacroiliitis
The sacroiliac joint is the most common region of musculoskeletal involvement of osteoarticular brucellosis. The incidence of sacroiliitis is approximately 2-45% [14] . Arthritis and sacroiliitis are usual presentations of an acute form. Also, severe back pain in the affected region of sacroiliitis is the most common symptom. Fever, sweating, joint swelling, redness around the skin of a joint and malaise are less common symptoms. Sacroiliitis can be unilateral or bilateral forms and is rarely reported with iliac muscle abscess [14, 16, 17] .
Spondylodiscitis, Spondylitis
The prevalence rate of spondylitis is approximately 2-60% [14] and more prevalent in older patients and patients with prolonged illness before the treatment. The involvement of brucellosis firstly begins at the discovertebral junction, after it may spread to other vertebral parts. The lumbar vertebrae are involved more frequently (%60) than the thoracic (19%) and cervical vertebrae (12%) [15, 17, 18] .
Spondylodiscitis is an inflammation of vertebra and discs. This form of osteoarticular involvement of brucellosis occurs through the hematogenous spread and neurological sequels cause after an inappropriate treatment. Spondylodiscitis more commonly affects the lumbar (especially at the L4-L5 levels) and low thoracic vertebrae than the cervical spine. Back pain and sciatica radiculopathy are the most common complaints for patients. Paresthesia or reflex changes may occur due to cord and neural compression. In physical examination, Laseque test is a positive finding. Spinal destructive brucellar lesions have also been reported in adults in previous studies. In brucella induced spondylitis, psoas abscess, paravertebral abscess, or epidural abscess may occur [14, 18, 19] .
Peripheral Arthritis
The prevalence of brucellosis-induced peripheral arthritis is less (14-26%) compared with vertebral features. The most frequently involved large joints are knees, hip and ankle. Clinical presentations and physical examinations are nonspecific. Arthritis may occur in patients with acute, subacute, or chronic brucellosis. Peripheral arthritis may involve joints septic and reactive mechanisms associated with pathogens. Septic arthritis is the rare complication of brucellosis that progresses slowly and may cause capsular erosions. The most useful diagnostic methods are the assessment of synovial fluid and blood cultures. Especially, brucella-induced hip arthritis is more complicated than others. The serious complication may be an important problem due to the delay in treatment [20, 21] .
Brucellar osteomyelitis is another manifestation of the disease. Osteomyelitis may result in a pathologic fracture or prosthetic extraarticular equipment. During brucella bacteremia, the prosthetic joint can be involved, and arthroplasty may be useful for treatment [22] . Tenosynovitis and bursitis have also been reported in the literature [23] .
Diagnosis of Osteoarticular Brucellosis
There are several diagnostic methods for brucellosis. Osteoarticular brucellosis is diagnosed with clinical inflammatory signs (e.g., tenderness, pain) of the affected joints together with positive serological tests and/or positive culture of blood/synovial fluids cultures. Inappropriate diagnosis and treatment of the disease may result in high morbidity in patients. Brucellosis is most commonly diagnosed by serological methods, such as standard tube agglutination (STA) and enzyme-linked immunosorbent assay (ELISA). STA (Wright) measures the total amount of immunoglobulin M (IgM)/immunoglobulin G (Ig G) antibodies. Immunoglobulin M antibody firstly appears than Ig G antibody. All these antibodies are active in agglutination tests [24] . Standard agglutination (Wright) measures total Ig M and G, while the ME-2 test only measures Ig G antibody. ME-2 test is a good marker to follow the activity of disease after initiation of therapy. STA titer ≥1:160 and ME-2 test titer is ≥1:80 in favor of brucellosis diagnosis [13] . Negative agglutination titers do not exclude brucella infection, and it can be observed during disease. STA is negative during the early phase of the disease and in the presence of blocking antibodies. Coombs test (antihuman globulin test), which is essential for complicated and chronic cases, eliminates the effects of blocking antibodies [24, 25] .
Brucellacapt is an immunocapture-agglutination technique, which detects all immunoglobulins against Brucella. Brucellacapt test could help to detect the disease in patients with long evolution times, which cannot be detected with the SAT. Some studies reported that both of Brucella Capt and Coombs tests show higher titers of ≥1/160 for acute brucellosis. However, when titers less than 1/320 were used for diagnosis, test specificity may be decreased. These tests may persist positive for a long time after therapy in cured patients. After a successful treatment, a decrease in specific antibody titers is more rapid in Brucellacapt than the other tests [26, 27] .
Polymerase chain reaction (PCR) that is a useful molecular test has high sensitivity. PCR has enormous potential to detect bacteremia for relapsing cases and the exclusion of chronic brucellosis [28, 29] .
The gold standard for diagnosis is blood culture or tissues (e.g., synovial fluid, bone marrow) culture; however, isolation of the microorganism is quite difficult, bone marrow aspirate culture is invasive and clinically non-practical [28] . Blood cultures sensitivity ranges are around 17% to 85%. Some studies reported that the growth time of brucella bacteria in blood culture was significantly shorter in cases with osteoarticular brucellosis [19] . Especially, the culture method is suggested to the patients who have a high bacterial load [19, 30] . The synovial fluid analysis may help to separate Brucella arthritis from other causes of arthritis. The white blood cell count can be measured around 15.000 cells/microL. In the synovial fluid, while in brucella arthritis lymphocytes frequently predominate, whereas polymorphonuclear leukocytes frequently predominant in septic arthritis due to other bacteria [28] .
Leukocyte count, C-reactive protein (CRP) and erythrocyte rate (ESR) that are additional diagnostic methods may be beneficial to follow up the treatment response. High CRP and leukocyte levels are associated with an inflammatory condition. Some studies have investigated the higher NLR (neutrophil/lymphocyte ratio), MLR (monocyte/lymphocyte ratio) and ESR, CRP levels could be effective indicators for the diagnosis of osteoarticular brucellosis. The NLR and MLR are easier tests compared with the other inflammation markers like CRP and ESR [31] .
Radiological assessments, such as joint sonography, computed tomography (CT) and magnetic resonance imaging (MRI), are helpful to diagnose spinal brucellosis. They can determine the affected sites. In the acute phase of diseases, X-rays may reveal the involvement of multiple vertebral bodies and joint lesions. The characteristic features of the disease, such as vertebrae destruction and vertebrae sclerosis, can be determined precisely on the CT scan. MRI is very sensitive to changes like the destruction of vertebral body bone, the intervertebral discs, and abscesses within and outside the vertebral canal [13] .
In early-stage of disease, MRI sensitivity detects the change in vertebral bodies and surrounding soft tissue. Spinal brucellosis often involves the endplates of the junctions between the vertebral bodies and the intervertebral discs. Especially for the diagnosis of spinal nerves compression, MRI is a more effective method than the others [32] .
Treatment
Controlling the illness effectively, preventing transmission and preventing complications are important for the treatment of brucellosis. The aims of antimicrobial therapy are to treat acute infection, relieve symptoms and prevent relapse. The agents often used in the treatment of brucellar spondylitis are streptomycin, rifampicin, doxycycline, trimethoprim/sulfamethoxazole, ciprofloxacin and gentamicin [34] . The recommended regimens for the treatment of disease involve two or three antibiotic combinations. Physicians prescribe drugs, depending on whether the disease is complex or not because there is no standard combination for osteoarticular involvement. Selection of an appropriate antibiotic combination should be made on the basis of the patient. The triple regimen that the World Health Organization (WHO) have recommended, doxycycline (100 mg twice a day) plus rifampin (600 mg/day) plus streptomycin (1 g/day IM, 21 days) over six months is more effective for the treatment [34, 35] . At the end of three weeks, after discontinuing streptomycin treatment, patients are treated only with doxycycline plus rifampin therapy.
The most frequently used combinations include streptomycin, which has favorable results for osteoarticular brucellosis in previous studies. On the other hand, lower relapse rates were reported with a combination of streptomycin and doxycycline [36] .
Optimal duration of therapy is about 3-6 months for osteoarticular involvement; it can be beneficial to cure. Streptomycin or gentamicin has been used for three weeks. Doxycycline and rifampin combination therapy is found to be associated with relapses [35, 37] . Longterm (usually at three months) antibiotic therapy can be effective to prevent relapses in patients [37, 38] because a prolonged course of treatment is important, especially in case of the absence of radiological improvement to prevent possible sequelae [38] . For patients who do not tolerate or not receive tetracycline (e.g., pregnancy), trimethoprim/sulfamethoxazole therapy could be an alternative [39] .
To our knowledge, there is no specific evidence for prophylaxis after exposure to Brucella spp. However, some studies recommend after low-risk exposure rifampin plus doxycycline therapy for three weeks and after a major exposure to aerosol for six weeks [40] .
In the case of continuing systemic signs despite adequate antimicrobial therapy, surgical interventions can be proposed. Furthermore, surgery may be required for a specific group of patients with particularly spinal abscess, vertebral collapse, bone destruction and cord compression [13] .
